A stable and homogeneous adenosine-5'-triphosphatase (ATPase, EC 3.6.1.3) has been solubilized from R hodospirillum rubrum (R . rubrum ) chromatophores by chloroform extraction. Purification of the Ca2+-dependent ATPase activity was 200-fold. The chloroform-released A TPase has a molecular weight of 400,000 + 30,000 and consists of the following subunits (m olecular weights in parenthesis): a (58,000), ß (53,500), y (39,000), 6(18,500), and £(14,000). The amino acid composition and the fluorescence spectra are presented.
Introduction
Coupling factor ATPases from m itochondria, chloroplasts, and b acteria exhibit m any sim ilarities, in p articu lar w ith respect to catalytic function, sub u n it stru ctu re and m olecular weight. The enzymes m ay be released by a v ariety of techniques. The catalytic properties of th e m em brane-bound A TPase complexes are affected in various ways by th e solu bilization procedure (for review see refs. [1, 2] ).
F o r th e photosynthetic bacterium Rhodospirillum rubrum changes in bivalent cation specificities have been observed after solubilization [ 3 -6] .
In th e present stu d y we describe th e preparation of a purified A TPase complex from R. rubrum which appears to be closely related to th e m embranebound enzym e w ith respect to its bivalent cation specificity. I t will also be dem onstrated by com parativ e investigations how subunit composition and kinetic properties of this coupling factor ATPase are affected by th e kind of solubilization and purification technique applied.
Materials and M ethods
Reagents Sepharose CL-6 B was obtained from D eutsche Pharm acia, Freiburg. The reagents for electro phoresis were purchased from Serva, Heidelberg, and protein stan d ard s were from Boehringer, M ann heim. All other chemicals used in this study were of analytical grade purchased from E. Merck, D arm stad t.
Measurement of A T P a se activity
ATPase activ ity was assayed continuously a t 37 °C by m easuring th e liberated inorganic phos phate according to A rnold et al. [7] . One u n it (U) of ATPase activ ity is defined as th e num ber of ^m ol of inorganic phosphate liberated during 1 min. Protein concentration was estim ated by th e Lowry m ethod [8] .
Bacteriochlorophyll determination
Bacteriochlorophyll concentration was estim ated b y m easuring th e absorbance of th e chrom atophores a t 880 nm . The extinction coefficient of Clayton [9] was used.
Analytical disc gel electrophoresis
Analytical disc gel electrophoresis was carried o ut in 5 % polyacrylam ide gels according to system l a described by M aurer [10] . Dissociation into su b u n its was perform ed a t 100 °C for 1 m in in th e p re sence of 2% sodium dodecyl sulfate and 5% ß-m ercaptoethanol.
Sodium dodecyl sulfate disc gel electrophoresis was carried o u t in 12% polyacrylam ide gels con taining 0 .1 % sodium dodecyl sulfate according to Laemmli [11] . P ro tein bands were d etected by stain ing w ith Coomassie b rilliant blue G 250. The gels were scanned a t 578 nm in an E ppendorf p h o to m eter equipped w ith a gel cu v ette. Molecular weights were estim ated on calibrated gels using bovine serum album in, la c ta t dehydrogenase, trypsin inhibitor, myoglobin, an d cytochrom c as standards.
Preparative disc gel electrophoresis
P reparativ e disc gel electrophoresis was carried o ut in an ap p a ra tu s from Shandon (Camberley, G reat B ritain). The gels, containing 6 % acrylam ide and 0.57% N ,N '-m ethylenebisacrylam ide were polym erized w ith 0.08% N ,N ,N ',N '-tetram eth y lethylendiam ine an d 0 .1 % am m onium peroxydisulfate in 0.28 M Tris-HCl buffer a t p H 8.7. The length of th e separating gel was 6 cm. Sample gels were not used. Tris-glycine (6.06/4 g/1), p H 8.8, was used as upper gel buffer. The lower gel buffer con tained 0.4 m Tris-HCl, p H 8.0, and elution was carried o u t w ith 0.1 m Tris-H Cl a t p H 8.0. E lectro phoresis was ru n a t 3 0 0 V /4 5 m A for 6 -10 h a t 4 -7°C.
Absorption and fluorescence spectra
A bsorption spectra were obtained by m eans of a Cary spectrophotom eter, model 15.
Fluorescence m easurem ents were carried out w ith a Perkin E lm er spectrofluorim eter, model M PF-4A , a t room tem p eratu re. The emission spectra were corrected for th e w avelength dependent response of th e instrum ent. The samples were diluted to 5 /ig/ml to prevent self-absorption of th e fluores cence light.
A m ino acid analysis
Amino acid analysis was perform ed after acidic hydrolysis (6 n HC1, 110°C, 24 h under vacuum ) w ith a Biotronik BT 6000 am ino acid analyzer (München, BRD ), controlled by a com puter pro gram m ing system [12] . A micro bore colum n 0 .6 x 2 5 cm containing D urrum DC-4A resin was used. T ryptophan was determ ined after basic hydrolysis according to Dreze and R eith [13, 14] with the same am ino acid analyzer.
Preparation of crude A T P a se
Chrom atophores from R . rubrum, strain F R 1 (DSM-No. 1068), were prepared according to a published procedure [15] .
A crude A TPase activ ity has been released from the chrom atophores by chloroform tre atm en t. The present m ethod is a modification of th e chloroformextraction procedure of m itochondrial A TPase by Beechey et al. [16] . Our procedure is related to the m ethod of W ebster et al. [6] .
The chrom atophores were w ashed in 10 m M TrisHCl, pH 7. of 45 m n Tris-HCl, pH 7.5, containing 10% gly cerol (v/v) for 24 h a t 4°C to rem ove residual chloroform.
Purification of chloroform-released A T P a se
The crude enzym e was subjected to fractionated am m onium sulfate precipitation. The precipitate obtained a t 30 % to 60 % am m onium sulfate s a tu ra tion was resuspended in 45 m M Tris-HCl, p H 7.5, containing 10% glycerol (v/v) and dialyzed against 2 1 of the same buffer for 18 h a t 4°C. H om ogeneity of th e ATPase was achieved by gel filtration on a Sepharose CL-6 B column (2 .5 x 1 0 0 cm), equili b rated with 50 m M Tris-HCl, p H 7.5. 4-ml fractions were collected an d th e 4 to 6 tubes containing about 60% of th e eluted A TPase activ ity were combined. All purification steps were carried out a t 4°C.
Preparation of A T P a se by acetone powder extraction and sonication
A lternative preparations of A TPase complexes from R . rubrum chrom atophores were carried out b y acetone pow der ex tractio n [3] and ultrasonicatio n [17] . The crude A TPase fractions were further purified b y am m onium sulfate precipitation, gel filtration, an d affinity chrom atography as described earlier [18, 19] . In some experim ents th e affinity chrom atography was replaced b y p reparative disc gel electrophoresis as final purification step. 
Results

General properties of the chloroform-released A T P ase
Chloroform tre a tm e n t of R . rubrum chrom ato phores allows th e prep aratio n of a highly stable oligom ycin-insensitive A T Pase complex. Table I indicates th a t oth er organic solvents are less speci fic in th e ex tractio n of th e enzyme.
The addition of m etal salts (CaCl2, MgCl2, MnCl2), chelating agents (EDTA, EGTA), nucleotides (ATP, A D P, AMP), inorganic phosphate or sucrose over a large concentration range h ad no effect on s ta bility, yield an d specific activ ity of th e A TPase. I t becam e alm ost com pletely solubilized in 50 m M Tris-HCl, p H 7.5, a t a bacteriochlorophyll concen tra tio n of 0.2 m M .
The various steps and yields of th e present chloro form procedure are sum m arized in Table II . Purifi cation of th e Ca2+-dependent A TPase activ ity was 200-fold and th e yield based on m em brane-bound Ca2+-ATPase activ ity w as ab o u t 20% . However, th e yield of Mg2+-A TPase a c tiv ity was m uch lower ( < 1%) and its purification was less effective (about 6-fold). The dialysis step following am m onium sul fate precipitation yielded no increase in th e specific Mg2+-ATPase activity, w hereas th e specific Ca2+-ATPase was increased.
As shown by analytical disc electrophoresis in 5 % polyacrylam ide gels (Fig. 1A ) th e chloroformreleased ATPase appears to be homogeneous after gel filtration on Sepharose CL-6B. B oth th e Ca2+-and Mg2+-dependent A T Pase activities are asso ciated w ith th e single slowly moving protein b and T able II. Purification of chloroform-released R. rubrum A TPase. ATPase activity was m easured at 37 °C in 10 ml of 50 mM Tris-HCl buffer, pH 8.0, containing 1 m M A T P and 1 m M CaCl2 or 1 mM MgCl2 , respectively. A nalytical polyacrylam ide gel electrophoresis (PAGE) was carried out as described in M aterials and Methods. as could be -visualized b y th e m ethod of W achstein and Meisel [20] . The A TPase form s prepared by th e other tw o m ethods m igrated significantly faster th a n th e chloroform -released enzym e ( Fig. 1 A -C) . The purified chloroform -extracted A TPase could be stored a t 0 -4°C in 45 mM Tris-HCl, p H 7.5, con taining 10% glycerol (v/v) for a t least 4 weeks w ithout loss in enzym ic activ ity . A t m inus 20 °C in th e presence of 50% glycerol (v/v) th e enzym e was stable for m onths.
The u ltrav io let absorption spectrum of th e chloro form -released A TPase shows a m axim um a t 1 =211 nm and a m inim um a t A = 253 nm as well as distinct shoulders a t 270 an d 261 nm . The quotient E 280/E 260 of 1.26 ± 0 .0 5 indicates a nucleotide con te n t of a b o u t 3 nucleotides p er molecule [21] . The ^280 nm v a lue is 15.6.
The am ino acid com position of chloroformreleased A TPase is shown in Table I I I . All values are based on ion-exchange chrom atography as described und er M A T E R IA L S AND M ETHODS. In addition to these d a ta th e fluorescence emission peak a t 305 nm is in good agreem ent w ith th e p u b lished value of 310 ± 5 nm for tyrosine [22, 23] and is close to th e fluorescence emission peak of 302 nm for pure CFX [24] , The fluorescence emission ratio a t 300 nm to th a t a t 350 nm is 14 (see Fig. 2 ). Such a ratio indicates a high degree of p u rity for B . rubrum A TPase [23] .
The m olecular w eight of th e chloroform -released A TPase was determ ined by gel filtration on a Sepharose CL-6B column (1 x 1 0 0 cm) calibrated w ith ferritin, catalase, and hemoglobin. In Fig. 3 log m olecular weights of th e m arker proteins are plotted versus th e A"av values. T hey result in a straight line. The m idpoint of th e eluted ATPase peak corresponds w ith a m olecular w eight of 400.000 ±30.000 for th e chloroform-released en zyme. U nder identical conditions th e molecular w eight of th e sonicated A TPase was found to be 370.000 ±30,000.
Subunit composition of various A T P a se forms
The polypeptide com ponents of th e chloroformreleased A TPase were analyzed by sodium dodecyl sulfate gel electrophoresis and com pared w ith those of th e A TPase complexes prepared by acetone pow der extraction and u ltra sonication (Fig. 4 A -D) . The chloroform -released A TPase (Fig. 4 A) is com posed of five different classes of subunits which are designed according to ref. 25 as a, ß, y, 6 , and e. Two m ore low m olecular w eight polypeptides in small am ounts were d etected in some chloroform preparations. T hey could n o t be identified. I t should be noted th a t th e protein b and designed as y shows a higher staining inten sity in th e case of the chloroform -released enzyme.
The A TPase ex tracted from an acetone powder and purified to hom ogeneity by affinity chrom ato g rap h y (Fig. 4B ) is composed of four classes of sub u n its (a, ß, y, an d d, b u t no e). R eplacing affinity chrom atography b y preparativ e disc gel electro phoresis as final purification step yields an active A TPase complex com posed of only three different subunits a, ß, and y (Fig. 4C) . U ltrasonication of chrom atophores yields an ATPase complex th a t is m ainly composed of th e three m ajor subunits a, ß, y, and m inute am ounts of d (Fig. 4D ) . The m olecular w eights of th e subunit proteins of the various A TPase complexes are sum m arized in Table IV .
Some kinetic properties of the A T P a se complexes
The chloroform-released A TPase shows a m axi m um activ ity of 21.7 U /m g w ith Ca-ATP. The other Me2+-ATP complexes teste d were less p o te n t substrates (Cd2+ >M g2+ > M n 2+). Some kinetic p a ra m eters of the chloroform -released A TPase are sum m arized in Table V 
D iscussion
Low electrophoretic m obility in 5% polyacryl am ide gels and cold stability are common properties of chloroform-released A TPases from R. rubrum and beef heart m itochondria [16] . The molecular weight of a b o u t 400,000 agrees well w ith th e m olecular w eight for chloroform-released m itochondrial A T Pase from yeast [26] and would be consistent w ith a suggested subunit stoichiom etry of a3/?3 yds. The molecular weight of the chloroform-released enzym e is slightly higher th a n th a t of th e sonicated R . rubrum ATPase form (370,000). This difference is likely due to th e lack of polypeptides 6 (18,500) an d e (14,000) in the sonicated enzyme.
The amino acid composition of R. rubrum ATPase shows close sim ilarities w ith th e coupling factor A TPases from m itochondria [2] , chloroplasts [27] , and other bacteria [28] [29] [30] . B oth th e am ino acid analysis d a ta and th e fluorescent emission m easure m ents suggest th a t try p to p h an is missing in th e chloroform-released preparation of R . rubrum A TPase. Our results are in accordance w ith the findings of F arron [27] and Penefsky and W arner [31] who dem onstrated th a t CFX from spinach chloroplasts and F j from beef h e art m itochondria, respectively, also lack try ptophan. However, amino acid analysis d a ta of coupling factor A TPases from th e oxidative bacteria Micrococcus spec. [30] , M icro coccus lysodeicticus [32] , and Bacillus megaterium [28] reveal th e presence of try p to p h a n in th e A T P ase molecules. 
a Specific activity was measured in the presence of 1 mM A T P and 1 m M MeCl2 as described in the legend of Table II . V c At optimal molar ratios of M g2+/A T P = 0.25 the specific activity could be increased about 2.5 times up to 0.34 U/mg and 2.2 U/mg of protein, respectively.
n.d., not determined.
The A TPase complex bound to chrom atophore m em branes of R. rubrum can be gradually disinte grated by application of different preparation m ethods. R ecently, Philosoph et. al. [33] have shown th a t LiCl tre a tm e n t of chrom atophores in the pre sence of A T P releases only the inactive /?-subunit(s) from th e m em brane-bound ATPase.
The A TPase complex released from th e chrom ato phores by ultrasonication and purified under the conditions described here contains only th e three m ajor subunits a, ß, y. By purification of an acetone powder e x tra c t by affinity chrom atography, how ever, we have obtained an ATPase complex con sisting of four different subunits (a, ß, y, d) . A pplica tion of p reparative disc gel electrophoresis during purification of A TPase from acetone powder yields, on th e other hand, an enzyme exclusively composed of a-, ß-, and 7-subunits.
The densitom etric p a tte rn of th e acetone powderextracted A TPase shown in Fig. 4 B differs from th e acetone pow der-extracted enzyme described earlier by Johansson and Baltscheffsky [25] . Our p reparation is lacking th e e-subunit. However, the m olecular w eight of th e <5-subunit ( 2 1 ,000) presented here is exactly th e sum of th e m olecular weights of th e d-and e-subunits (13,000 and 7,500, respec tively) reported by Johansson and Baltscheffsky [24] . These differences in th e subunit stru ctu re of th e acetone pow der-extracted ATPase form s are likely related to th e d istinct purification proced ures used.
The various preparation procedures also affect the kinetic param eters of th e ATPase complexes. The affinity to Ca-ATP of th e chloroform-released ATPase appears to become decreased during solubi lization (increase of K m value). In contrast, th e K m values obtained w ith Mg-ATP and Cd-A T P rem ain unchanged. This deviation in kinetic behaviour may suggest th e presence of two different types of Me2+-
